Abstract. The association between metformin and the lung cancer risk of patients with type 2 diabetes mellitus (T2DM) remains controversial. Therefore, the present meta-analysis on epidemiological studies was performed to explore this issue. A comprehensive literature search was conducted for all the potential studies addressing metformin use and lung cancer risk by utilizing Pubmed, CBM and ISI Web of Science using the Mesh terms: 'Metformin,' or 'biguanides' and 'lung cancer,' or 'neoplasms'. The reference lists were also inspected. Eight observational studies, including 17,997 lung cancer patients, were eventually selected, which contained seven case-control and one cohort study. Compared to other antidiabetic agents, metformin was significantly associated with the 16% reduction of lung cancer risk in type 2 diabetic patients [relative risk (RR)=0.84; 95% confidence interval (95% CI), 0.73-0.97]. In the sensitivity analysis by separately excluding the study with a high weight or lower quality, the results did not materially change. Subsequently, subgroup analysis was performed on the type of study design, unadjusted or adjusted hazard ratio, quality of enrolled studies, duration of treatment, country and control drugs. The magnitude of lung cancer risk reduction was strengthened when compared to sulfonylureas (RR=0.79; 95% CI, 0.83-0.9), without significant heterogeneity (Q-value=2.98, P=0.085). In conclusion, the present analysis supported that the use of metformin significantly decreased the risk of lung cancer among patients with T2DM. However, further studies are required to confirm these findings.
Introduction
Diabetic mellitus is a worldwide common metabolic disease. Abundant evidence indicated that diabetic mellitus was associated not only with cardiovascular diseases, nephropathy and retinopathy, but also with the development of numerous types of cancer, including lung, liver, colorectal, kidney and breast (1) (2) (3) (4) . By contrast, hyperglycemia appears to be a protective factor for prostate cancer (5) .
Glucose lowering drugs are possibly associated with either an increased or reduced risk of cancer (6) . Metformin is an commonly used oral agent for treating patients with type 2 diabetes mellitus (T2DM) and may be safely used in combination with other antidiabetic agents. Two different ways by which metformin exerts anti-neoplastic effects include: i) Activating adenosine monophosphate-activated protein kinase (AMPK) by the liver kinase B1; and ii) inhibition of protein synthesis. Tumor cells establish mechanisms to downregulate AMPK, allowing them to escape its restraining influences on growth. However, metformin can act as a tumor growth inhibitor by upregulating AMPK and suppressing the mammalian target of rapamycin, leading to reduced protein synthesis in cancer cells (7) (8) (9) . In addition, metformin also induces activation of the immune system, cell arrest or apoptosis and reduces growth factor signaling (10) .
Previous studies have confirmed that metformin inhibits tumor cell proliferation and improves the survival of cancer patients (11) (12) (13) (14) (15) . A meta-analysis has been performed to evaluate the association between metformin and cancer risk in diabetic patients, which found that metformin has a preventive effect on cancer incidence and mortality (16) . One study conducted in Taiwan found that metformin reduced the incidences of several gastroenterological cancers in treated diabetes (17) .
Lung cancer has become one of the leading causes of cancer-related mortality in numerous countries. Recent data have suggested an association of metformin use with decreased lung cancer risk of type 2 diabetic patients (18) (19) (20) . Mazzone et al (18) found that the use of metformin is associated with a lower likelihood of developing lung cancer in diabetic patients, which was coherent with the study by Lai et al (20) . By contrast, the study by Bodmer et al (21) obtained the opposite result. Another observational study by Smiechowski et al (22) demonstrated that metformin use was not associated with a decreased risk of lung cancer in patients with T2DM. Thus, the results remain controversial and the present meta-analysis was performed to investigate the association between metformin use and lung cancer risk of individuals with T2DM.
Materials and methods
Search strategy. A comprehensive literature search was performed for all the studies addressing the association between metformin use and lung cancer risk. Electronic databases searched included Pubmed, CBM and ISI Web of Science until October 2013, without language restrictions. The Mesh terms and/or the text words used included 'metformin' or 'biguanides' and lung 'cancer' or 'neoplasms'. In addition, the reference lists were also inspected.
Selection criteria. The inclusion criteria of a study in the meta-analysis included the following: i) Epidemiological studies, which included case-control or cohort studies; ii) designed to evaluate the association between metformin and risk of lung cancer in diabetic patients; and iii) contained sufficient information to allow adequate estimation of hazard ratio (HR), odds ratio (OR), or relative risk (RR) and 95% confidence interval (95% CI) to estimate the lung cancer risk with diabetes using metformin compared to other antidiabetic treatments or no treatment. When two independent control groups were set in the same case-control study, the study was treated as two separate studies, only considering the limited relevant studies enrolled.
Data extraction and quality assessment. The enrolled studies were evaluated by two independent authors (Ning Zhu and Yuanyuan Zhang). For the included studies, these data were extracted: First author, year of publication, country or area, study design, source of cases, number of total participants or lung cancer cases, study time or follow-up time, unadjusted and adjusted RR with their 95% CIs and the confounding factors, which had been adjusted. To ascertain the validity of the eligible studies, the quality of each study was appraised in reference to the Newcastle-Ottawa statement (23) . In this 'star system' scale, studies were judged on three aspects: Selection, comparability and exposure. For the selection and exposure categories, a maximum of one star was awarded for each numbered item, whereas for the comparability, a maximum of two stars was awarded. Therefore, the quality of each study, with nine stars at most ,was classified as follows: ≤5 stars as low quality and ≥6 stars as high quality. Disagreements were resolved by discussion between the two investigators. When required, another investigator (Xiaodong Chen) was consulted to resolve the dispute.
Statistical analyses. The value of RR was adopted for the cohort studies or OR for the case-control studies to evaluate the risk estimate in the meta-analysis. When the adjusted RRs were available, they were used to estimate the association. Otherwise, the unadjusted RRs were adopted. The adjusted HR was pooled using the DerSimonian and Laird statistic. Stratified analyses were conducted according to type of study design, type of HRs, study quality, country, duration of treatment or control drugs. Studies were pooled and weighted according to inverse variance using the random-effects model of DerSimonian and Laird. P<0.05 was considered to indicate a statistically significant difference for all the tests. Sensitivity analysis was conducted by sequentially excluding one study with a high weight or low quality. Finally, the publication bias was detected using the Begg's funnel plot and Egger's regression asymmetry test. All analyses were performed using Stata version 11.0 (StataCorp, College Station, TX, USA).
Results
Search results. The participant flow diagram for the study inclusion in the meta-analysis is shown in Fig. 1 . Eight studies, including 17,997 lung cancer patients, were finally enrolled into the meta-analysis, which contained seven case-control (18) (19) (20) (21) (22) 24, 25) and one cohort study (26) . The general information regarding the studies, including author, year, type of study design, source of case, duration of observation, number of cases, matched factor, adjusted or unadjusted HR and study quality, are presented in the Table I .
These studies were conducted in six countries, which were Canada (22), the Netherlands (19), Switzerland (21), Scotland (UK) (26) , Taiwan (China) (20, 24, 25) and USA (18) . Three studies were conducted in Asian countries and five studies in Western countries. One case-control study, performed in Taiwan by Hsieh et al (24) , separately compared insulin or sulfonylureas with metformin for the effect on lung cancer risk of patients with T2DM. Considering these two independent antidiabetic agents and the limited enrolled studies, this study was treated as two independent case-control studies in the meta-analysis. Only two studies evaluated the effect of metformin on the lung cancer risk of patients with T2DM by comparing to sulfonylureas (19, 24) .
Overall analysis. The baseline characteristics of these enrolled studies are demonstrated in Table I . The adjusted RR was derived from all the eight studies. Compared to other antidiabetic agents, metformin was significantly associated with a 16% reduction of lung cancer risk in type 2 diabetic patients (RR=0.84; 95% CI, 0.73-0.97; P=0.019). As significant heterogeneity existed among these studies (Q-value=22.10, P=0.005), the random-effects model was used. In order to confirm the validity and stability of the results, a study with high weight (19) or low quality (25) was separately excluded in the sensitivity analysis and consistent results were observed (RR= 0.81; 95% CI, 0.65-0.99; and RR= 0.74; 95% CI, 0.62-0.89). The forest plot is shown in Fig. 2 .
Subgroup analysis. In order to validate the results of the overall analysis and find the possible source of statistical heterogeneity among studies, the subgroup analysis was performed. As mentioned above, subgroup analysis was conducted according to several different variables, which are shown in Table II. A statistically significant reduction of the lung cancer risk in type 2 diabetic patients using metformin was obtained when the studies were restricted to case-control studies or studies with high quality (RR= 0.85; 95% CI, 0.73-0.99; and RR= 0.74; 95% CI, 0.62-0.89), which were consistent with the result of the overall analysis. In the subgroup analysis regarding the unadjusted HR (20,21,26) , no significant association was found between metformin use and the lung cancer The study has separately compared (a) insulin or (b) sulfonylureas with metformin for the effect on lung cancer risk of type 2 diabetic patients. Considering these two independent antidiabetic agents and the limited enrolled studies, this study was treated as two independent case-control studies in the meta-analysis. HR, hazard ratio; 95% CI, 95% confidence interval; NA, not available; BMI, body mass index; HbA1c, hemoglobin A1c. null result was found (RR= 0.89; 95% CI, 0.79-1.01). In addition, when compared to sulfonylureas, the use of metformin decreased the lung cancer risk of type 2 diabetic patients (RR= 0.79; 95% CI, 0.83-0.9), without significant heterogeneity (Q-value=2.98, P=0.085). Fig. 3 , the publication bias was assessed for the included studies using the Begg's funnel plot and Egger's regression asymmetry test. No significant risk of publication bias was observed by Begg's (Z=-1.04, P=0.3) and Egger's test (t=-0.59, P=0.572). 
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Discussion
Increasing evidence has strengthened that hyperglycemia, obesity-related insulin resistance and secondary hyperinsulinemia are important regulators of the development of cancer (27) (28) (29) (30) . Recent data have suggested that insulin and insulin secretagogues (sulfonylureas and glinides) may increase the overall cancer incidence (21, 31, 32) , but insulin sensitizers (metformin and thiazolidinedione) are associated with the reduction of the cancer incidence (33, 34) . Metformin improved insulin resistance and alleviated the circulating insulin levels, which may be the major reason to decrease the cancer risk in diabetic patients. Within the past years, several studies and meta-analyses have focused on the association between metformin and the reduction of lung cancer risk in patients with T2DM, but the controversy remains among the results, which raise the necessity to resolve this dispute. One previous meta-analysis by Noto et al (16) , which included three studies, confirmed the association between metformin use and the reduction of the lung cancer risk among patients with T2DM (RR=0.67, 95% CI, 0.45-0.99), which was contradictory to that of another meta-analysis based on four observational studies (RR= 0.83, 95% CI, 0.64-1.06) (6) . However, these meta-analyses may be affected by possible publication bias due to the few studies enrolled. Therefore, the present study selected and analyzed all the available observational studies to reconfirm the association in the meta-analysis. Eight retrospective studies, including seven case-control and one cohort study, were eventually selected. The majority of them obtainied a high assessment score according to the Newcastle-Ottawa statement, with the exception of one study by Wang et al (25) , which was due to lack of detailed information. A significant 52% reduction was noted in one study conducted in the USA (RR=0.48, 95% CI, 0.28-0.81) (18) . In the present meta-analysis, metformin therapy for type 2 diabetes patients was demonstrated to decrease the lung cancer incidence, compared to other antidiabetic agents. This result was comparable to that of a previously published meta-analysis by Noto et al (16) . The major strength of the present meta-analysis was the large number of studies and patients included, which may provide the results with an improved reliance. In addition, rigorous criteria were adopted for the study selection. One study, which was included in the meta-analysis by van Staa et al (35) , was excluded for comparing insulin or sulfonylureas with metformin in combination with other agents, rather than metformin only. In the sensitivity analysis, by separately excluding the study with a high weight (19) or lower quality (25) , the results did not materially change, which indicated that the result of overall analysis was stable.
Furthermore, in order to further inspect the stability of the results and find the possible source of statistical heterogeneity, subgroup analysis was performed according to several variables. Each study provided the adjusted HR. All the studies were adjusted for age and gender, but other potential confounders, such as smoking status, body mass index (BMI), dosage of metformin and comorbidity, were not matched in certain enrolled studies, which may cause the material change of the final results. Unadjusted HR was retrieved from three studies (20, 21, 26) and no significant association was obtained according to the unadjusted HR (RR=0.62; 95% CI, 0.33-1.18). The magnitude of lung cancer risk reduction was strengthened when compared to sulfonylureas (RR=0.79; 95% CI, 0.83-0.9), without significant heterogeneity (Q-value=2.98, P=0.085), which may be attributed to the decreasing levels of endogenous insulin in metformin users. Different control drugs may partly contribute to the heterogeneity. Four studies evaluated the effect of exposure (duration and dosage) of metformin on the association. Lai et al (20) reported that the HR was reduced to 0.33 among patients who had used metformin for >3 years (RR= 0.33; 95% CI, 0.19-0.57), compared to non-users. However, Smiechowski et al (22) found that no interaction was obtained with long-term use of metformin (RR= 0.90; 95% CI, 0.67-1.22). As the dose of metformin always increases with increasing duration of use, dose variables can be confounded by duration. Therefore, the duration and dosage of metformin were combined together in the subgroup analysis restricted to long-term use. Although a null result was found (RR=0.89; 95% CI, 0.79-1.01), this indicated that a trend toward reduction of lung cancer risk was linked to long-term use of metformin. Of note, no interaction was obtained in the analysis stratified by different countries.
Several limitations of the present meta-analysis should be addressed. First, the reliance of the results was weakened by the drawbacks that are inherent to retrospective observational studies, such as possible investigator and recall biases. All the eight studies enrolled were retrospective. Details of metformin dose, duration and other information on potential confounders and risk factors were incomplete, some of which were not fully adjusted in several studies. For example, tobacco use is a well-known risk factor, but only one study evaluated the effect of tobacco use on the lung cancer risk of diabetes patients with metformin therapy (22) . Other potentially important clinical covariants, such as BMI, glycemic control, smoking status and lung diseases, were not evaluated as they were only attributed to a few associated studies. Second, the studies were performed in different countries, using different datasets and stratification standards, which may partly contribute to the heterogeneity. For example, the classification of treatment duration was not uniform. Lai et al (20) recognized >3 years as long-term use and in another study by Smiechowski et al (22) , >1,485 days was classified as long-term use, which may induce a certain effect on the results of the subgroup analysis. The comparator drugs, mainly including insulin and insulin secretagogues, should also be taken into account. The majority compared metformin to a combination of other glucose-lowering agents, rather than a certain agent, which may play an important effect on the association. Only two studies compared metformin with sulfonylureas alone (19, 24) and the heterogeneity disappeared in the subgroup analysis comparing with sulfonylureas. Third, the evidence derived from case-control or cohort studies is generally lower compared to from randomized controlled studies. The present meta-analysis was performed based on seven case-control and one cohort study, without any randomized controlled study. OR was treated as approximate RR, which may also influence the final results. Therefore, the results of the meta-analysis should be reviewed with caution.
In conclusion, the present meta-analysis has indicated that the use of metformin significantly decreased the lung cancer risk of patients with T2DM. However, further investigations, particularly randomized controlled trials, are required to confirm the association.
